Catalytic inactivation of protein tyrosine phosphatase CD45 and protein tyrosine phosphatase 1B by polyaromatic quinones.
Polyaromatic quinones, such as the environmental pollutants 9,10-phenanthrenediones, elicit a wide range of responses including growth inhibition, immune suppression, and glucose normalization in diabetic models. Yet the molecular mechanisms behind these effects remain controversial. Here we report that many of them are oxygen-dependent and catalytic inactivators of protein tyrosine phosphatases (PTP). Under aerobic conditions, the PTP inactivation by 2-nitro-9,10-phenanthrenedione followed a pseudo-first-order process, with the rate of inactivation increasing nearly linearly with increasing inhibitor concentration, yielding apparent inactivation rate constants of 4300, 387, and 5200 M(-1) s(-1) at pH 7.2 against CD45, PTP1B, and LAR, respectively. The rate of CD45 inactivation increased approximately 25-fold from pH 6.0 to 7.5, with complete inactivation achieved using a catalytic amount (0.05 molar equiv) of the inhibitor. The quinone-catalyzed CD45 inactivation was prevented by catalase or superoxide dismutase. Inactivated CD45 after (125)I-9,10-phenanthrenedione treatment carried no radioactivity, indicating the absence of a stable inhibitor/enzyme complex. The activity of inactivated CD45 was partially restored ( approximately 10%) by hydroxylamine or dithiothreitol, supporting the presence of a small population of sulfenic acid or sulfenyl-amide species. Treatment of PTP1B with 2-nitro-9,10-phenanthrenedione resulted in the specific and sequential oxidation of the catalytic cysteine to the sulfinic and sulfonic acid. These results suggest that reactive oxygen species and the semiquinone radical, continuously generated during quinone-catalyzed redox cycling, mediate the specific catalytic cysteine oxidation. Naturally occurring quinones may act as efficient regulators of protein tyrosine phosphorylation in biological systems. Aberrant phosphotyrosine homeostasis resulting from continued polyaromatic hydrocarbon quinone exposure may play a significant role in their disease etiology.